Diet plays a major role in the body physiology and metabolism. The quantity, nature and stability of the macronutrients present in the diet have a major impact on the composition of gut microbiota. Gut microbiota plays a major role in the body metabolism and leads to obese or lean phenotype. Bacteriodetes, Firmicutes, Proteobacteria and Actinobacteria are the major microbes that inhabit in the region of the gut. We made an attempt to study the effects of Cafeteria (CAF) diets and normal chow diets on diet consumption, weight gain, metabolism and composition of gut microbiota in fecal and cecum samples from three weeks old Sprague Dawley (SD) rats (n = 18/group) using 16S rDNA high throughput sequencing. Results revealed that distinctive diet based phenotypical changes were observed in some of the Cafeteria diet fed rats. Interestingly, some weight gain resistant (WGR) animals in Cafeteria diet fed groups show similar trend like that of control normal chow fed rats. Fecal microbiome analysis indicates that the ratio of Bacteriodetes is higher than the Firmicutes in cecum samples of Cafeteria diet fed rats whereas no significant difference is found in fecal samples of Cafeteria diet fed rats and as well as in control rats. Further analysis of other taxa at the level of family and genus of microbial abundance are also discussed. Our study suggests that contribution of gut microbiota towards obesity is not at the phylum level, and microbiome composition even at the level of species or strain may exert impact on the metabolism of the Cafeteria diet.
worldwide and the prevalence of this disorder has been more than doubled since 1980. Increasing fat mass is the hallmark of obesity which is the result of an imbalance between the energy intake and expenditure. Both the adults and young ones are affected by this nutritional disorder. A high prevalence of obesity and obesity-related diseases is posing ever increasing threat to global health. In Qatar, approximately 30% of the population (6 -11 years) is overweight or obese [1] . These children are having significantly increased the risk of obesity, hypertriglyceridemia, low HDL-cholesterol, and higher atherogenic index compared with children who were normal weight. Obesity is significantly associated with cardiovascular disorder; however, the mechanism involved is poorly understood.
Excess of adipose tissue marks obesity which influences the circulating cardiovascular risk factors that are involved in the development of type 2 diabetes and cardiovascular disease. Hence, it is essential to explore and understand the different factors, such as diet, physiological responses to diet and most importantly the role of gut microbiota in the regulation of body weight and maintaining energy homeostasis [2] .
Gut microbiota comprises of abundant species of bacteria and their diversity is significantly contributed to the maintenance of health; whereas, changes in their composition contribute to the development of diseases. Studies have suggested that food in the intestine interacts with gut microbiota, and when this interaction is disturbed either by diet or the change in the gut microbial community, it eventually leads to health disorders, such as obesity, obesity associated inflammation and insulin resistance. In addition, gut microbiota is involved in many of the host functions, such as energy harvest, fat storage and immune response, hence studying the impact of high fat and high sugar diet on the gut flora and their metabolites will be useful to understand the role of gut microbes on obesity and obesity related cellular changes that lead to obese phenotype. Recent studies have suggested that gut microbiome plays a major role in contributing the risk for various chronic diseases, such as obesity, type 2 diabetes, cardiovascular disease and cancer. It is understood that diet plays a major role in shaping the microbiome; however, the role of gut microbiota in the regulation of body weight and maintaining energy homeostasis still needs to be studied to understand the mechanism involved.
Diet is one of the major factors which contribute to the change in the ratio of the gut microbiota [3] . High fat and high sugar diet adversely affect the gut microbiota composition which alters the body metabolism rate. The dietary components, such as carbohydrates, proteins and lipids that escape from digestion in the upper gastrointestinal tract, are the main source of energy for the gut microbiota [4] . Metabolism of complex food substances results in the synthesis of short chain fatty acids, sterols etc., and such metabolites play a major role in maintaining body health [5] .
Gut microbiota has extensive metabolic pathway which can able to synthesize various byproducts and also regulates the absorption during digestion. Mutual- to the host-microbial interaction and the dynamics of their metabolism [6] , nevertheless, very few research reports were focused on metabolism and metabolite analysis [7] .
We intended to investigate the taxonomical abundance present in the fecal & cecum samples from the cafeteria (CAF) diet fed Sprague Dawley (SD) rats compared with normal chow diet fed rats. In the present study, we compared the microbial diversity from the phylum level to species level using (16S rDNA) high throughput next generation sequencing technology. Furthermore, we highlighted the behavior, phenotype and metabolic activities of the CAF and normal chow diet fed animals.
Materials and Methods

Animal Care and Husbandry
Sprague-Dawley (SD) male rats were purchased from Charles River, UK. SD rats hours; (Food and water in adlibitum) with IVC system and the controlled environment. Animal cages were changed on weekly basis or at the time of wet cages.
All efforts were made to reduce the animal suffering and stress. Euthanasia was performed under deep anesthesia induced by an intraperitoneal dose of Thiopentone sodium (0.04 mg/kg b.Wt.).
Experimental Design and Diet Composition
SD rats were separated into two different groups. Control group with normal chow diet (n = 18), the obese group with cafeteria (CAF) diet (n = 18), and body weight, food and water intake were recorded weekly for 8 weeks. Table 1 demonstrates the composition of normal chow diet and cafeteria diet.
Animal Phenotype Observation
The phenotype of the experimental SD rats was closely observed and changes were noted accordingly. After completion of the study, representative experimental animals (all groups) were euthanized under deep anesthesia induced by 
Sample Collection and Storage
After necropsy, the cecum stool samples were collected under aseptic conditions from all experimental groups and stored immediately at −80˚C. Fresh fecal samples (2 -4 pellets) from each group were also collected before necropsy and stored immediately at −80˚C for gut microbiota analysis.
DNA Extraction from Fecal Sample
Genomic DNA was extracted from fecal pellet and cecum stool samples using 
Next Generation Sequencing Analysis
Next Generation Sequencing (NGS) library preparation and 16S rDNA sequence analysis were outsourced and performed by Macrogen, Inc Korea. The sequencing analysis was carried out using Illumina MiSeq system according to the manufacturer's instruction. Initially, the DNA samples were subjected to quality testing and libraries were prepared. Specific primer sets were used to amplify V3-V4 hypervariable region and sequencing was carried out for the analysis of broad taxonomic range. After sequencing, the raw data were analyzed using Quantitative insights into microbial ecology (QIIME) software to filter the multiplexed sequence reads and by operational taxonomic units (OUT). Sequences were clustered and aligned for diversity analysis to identify the taxa of the microbiota. The assembled OUT analysis tables were then used to report the relative percentage of the microbiota in every sample. QIIME package was used to explore the diversity of the microbial population.
Results and Discussion
In recent past, several studies were published about gut microbiota in human as well as in rodents focusing on its impact on diet induced obesity [7] [8] [9] . Here we discuss the aspect of gut microbiota population in the cecum fecal and fecal pellet samples from our experimental SD rats fed with cafeteria and normal chow diet. We chose the cafeteria diet because it has been proven as an informative tool to induce voluntary hyperphagia and hence overweight/obesity in rats that better resembles the impact of Western diet in humans. The current study describes the gut microbiota composition and comparing them in the study groups of SD rats. Moreover, we explore the variation of gut microbiota in cecum as well as the fecal sample of the respective groups.
The impact of the cafeteria diet on weight gain, food consumption, physiological and biochemical activities were observed throughout the experimental period. Prior to the commencement of the diet, animals with the approximate bodyweight of 50 ± 1.09 g were chosen and separated into two different groups based on the diet. Normal chow diet based group is designated as control (C) group and the cafeteria (CAF) diet based group is considered as the test group. Control and the test group of SD rats were maintained in SPF facility with individually ventilated cage (IVC) system with a controlled environment at Laboratory Animal Research Center (LARC), Qatar University, Qatar.
During the experiment, diet intake, body weight and physical examination of the experimental animals were observed and recorded. Figure 1 illustrates the diet consumed by the experimental animals. From the third week onwards, consumption of CAF diet was increased more than 100 grams per week and this trend was maintained until the end of the study period. CAF diet fed rats consumed double the amount of food compared to the chow diet fed rats. With respect to the body weight gain of the experimental rats, there is no significant body mass variation observed in the early experimental period. After 3 rd week, CAF diet fed animals were started to gain weight (designated as "Obese" (O) group) when compared with the control (C) animals which were provided by normal chow diet. Interestingly, some of the rats in the cafeteria diet fed groups
were not gained their weight and the phenotype is similar to control animals and these animals were observed separately and designated as "Weight Gain Resistant" (WGR) group. However, the phenotype of the obese and weight gain resistant animals was continued until the end of the experiment. At the end of the study period (10 th week), CAF diet fed obese rats were almost double the body mass of normal chow diet fed groups whereas the WGR groups were same as control animals (Scheme 1).
Food intake is increased gradually in CAF diet fed obese rats; this observation shows the rats are more sensitive to the palate of the food. In contrast, the food intake in WGR rats did not increase as the obese rat and hence these rats may not be susceptible to the palate of the food. In addition to taste and aroma of the food, gut microbiota also plays a major role in the food consumption. Food Figure 1 . Illustrating the weekly average diet consumption of experimental animals (Mean value of diet consumption, ± SD).
Scheme 1. The experimental groups of the present study described the control, obese and the weight gain resistant groups.
consumption increases due to environmental factor (nocturnal hyperphagia), molecular/metabolic alterations (Ghrelin/Leptin) and protein modifications which are influenced by gut microbiota [10] . Gut microbiota also induces the short and long term appetite control which is influenced by available nutrients.
When comparing with the phenotype of the experimental rats, body weight gain was observed in CAF fed obese rat and this may largely due to the increase in the food consumption. It has been reported that metabolic alterations and deposi- [11] . In our study, we observed an interesting and contrast outcome that CAF fed WGR rats did not gain body weight and these groups are same as control. Genetic factor, metabolic alterations and/or gut microbiota might be the potential contributing factors for this kind of phenotype. However, the mechanism behind this is not
well explored yet.
Towards the end of the study period, all experimental groups (Control, Obese and Weight gain resistant) were subjected to overnight fasting and euthanized as per the LARC recommended procedure. Before euthanization, the animal's fecal pellet from all the three experimental groups was collected under the aseptic condition and stored at appropriate condition. Cecum fecal samples were collected from the experimental animals after euthanization and stored at appropriate condition. During necropsy, examination of internal body parts was observed in all the three experimental groups. Overweight-related changes were observed in the internal body parts, as predicted accumulation of white and brown adipose tissue on the various organs was observed in CAF-fed obese groups. Size of the organs (Stomach, Liver, thigh & abdominal mesenteric fat) in the obese group is significantly varied from other two groups. Presence of fatty liver in obese rat indicates the accumulation of fat and high energy intake. Due to the abdominal adiposity, muscular wasting also observed in the thigh region and this may be associated with the cardiovascular-related disorder [12] . To explore the association between host and gut microbiota interrelationship, various techniques have been employed to identify microbial diversity from environmental, research and medical samples. In particular, the distribution of gut microbiota in the fecal samples has been explored universally by 16S rDNA and meta-transcriptomic sequencing analysis [13] . Intense study of gut microbiome explores the relationship between the microbial community and their impact on metabolism and the host immune response [14] . Furthermore, weakening and/or imbalance in the microbial population have been associated with variation in phenotype, inflammatory disorder, metabolic changes and other various obesity related disease [15] .
Here, we studied the microbial diversity in rat fecal and cecum fecal samples of diet induced obese, WGR and control rats by NGS. To evaluate, genomic DNA was extracted from fecal and the cecum pellet in all the three groups (Control, Obese and weight gain resistant) Three replicates from each group were subjected to 16S sequencing analysis, Short-read sequencing libraries were prepared from the extracted DNA (8 µg) and hypervariable region V3 -V4 of the 16S rDNA was sequenced, the representative image and average results are presented in the current study. heat map also confirmed the OUT difference in all the control and test samples.
All these parameters are supportive to estimate community richness and to find the degree of similarity of the microbial composition between the fecal samples to further explore the alpha as well the beta diversity of the samples [16] .
The impacts of different diet supplements on the gut microbial diversity of the experimental groups were analyzed from the cecum and fecal samples. Changes in microbial taxonomic composition from phylum to species level were determined. In phylum level, Bacteroidetes were significantly higher in the cecum samples of CAF diet group (Obese & WGR group) when compared to the control group; whereas, there was not much difference observed in the fecal samples irrespective of diet. Interestingly, Proteobacteria is significantly higher in the obese group of both cecum and fecal whereas in normal and WGR group shows lesser. This observation shows Proteobacteria plays a major role in the fat metabolism and increase in Proteobacteria leads to overweight in the experimental animals. With regard to Firmicutes, not much difference was observed in fecal samples. However the percentage in cecum samples were significantly less in obese and WGR groups when compared to respective control groups ( Figure 5 ). the higher abundance of 41% Bacteroidaceae and 31% Lactobacillaceae but Sutterellaceae, Peptostreptococcaceae, Ruminococcaceae and Porphyromonadaceae showed <10% whereas in cecum samples of CAF diet fed (obese) animals 25%
Bacteroidaceae, 24% Porphyromonadaceae, 18% Prevotellaceae and all the other families were shown less than 10%. When compared to control animal, gut microbiota was varied significantly in the fecal and cecum samples of obese rat (Figure 7(a) ). Figure 7 (b) describes the abundance of gut microbiota in fecal and cecum samples of WGR animals. In the fecal sample of WGR rats, Bacteroidaceae and Peptostreptococcaceae are more abundant (24%) when compare to Lactobacillaceae and Porphyromonadaceae (16%) and all others are less than 10% of the population. However, Porphyromonadaceae (30%), Bacteroidaceae (24%) and Ruminococcaceae (16%) were dominant in cecum samples of WGR rats but all others are less than 10%. In contrast, there is not much dominance in the samples (Fecal & cecum) of control groups and all the said families are distributed in the range of 0% -18% (Figure 7(c) ). Depends upon the anatomical location, the microbial population shifts were induced by CAF diet in both obese and WGR groups but the rate of metabolism and the pathway may vary. Table 2 elucidated genera level taxonomical abundance count of the gut microbiota present in the fecal and cecum samples of control, obese and weight gain resistant rats. Genus of Barnesiella, Parabacteroides, Prevotella, Bacteroides (from Bacteroidetes), Parasutterella (from Proteobacteria), Lactobacillus and Clostridium XI (from Firmicutes) were dominant in the fecal samples.
In the taxonomical analysis, most of the reported articles were discussed about the ratio of Firmicutes and Bacteriodetes which influence the diet induced obesity in rats [17] . The relative proportion of Firmicutes in the gut microbiota of overweight animals has been suggested that it enhance the energy harvest from the diet and induce the absorption of more calories which leads to consequent weight gain [18] . Ley et al. [19] reported that relative abundance of Bacteriodetes We reported a higher abundance of Firmicutes, Bacteriodetes and Proteobacteria in our experimental animals at the phylum level. These three are the predominant microbiota in gut region (cecum and fecal) of human as well in rodents [20] suggesting that the rats are the best model for the diet induced gut microbiome studies. All these microbial communities influence the metabolism of diet and make the body either obese or lean. In our study, the percentage of Bacteriodetes as well as members within its order, Bacteroidales is also increased in the cecum samples due to high fat and high glucose content in cafeteria diet.
A relative percentage of decrease in the ratio of Firmicutes and increase in Bacteriodetes were observed due to high fat and high glucose content in cafeteria diet. Schwiertz et al. [21] and Lecomte et al. [8] reported similar results in increase in the abundance of Bacteriodetes which supports the phenomenon of diet induced obesity. There is no significant relative abundance (at phylum level) between Firmicutes and Bacteriodetes in the fecal samples of CAF fed animals, similar findings were also observed in several human gut microbiota studies, where no change in the ratio of the gut microbiota was related with obese phenotype [15] . Increase in the abundance of Proteobacteria may also induce the obesity in the animals [22] . Bacteria within the order, Bacteroidales, Clostridiales and Lactobacillales were showed higher variations in both the chow diet and cafeteria diet fed animals. Decrease in Clostridiales were observed in Cafeteria diet fed obese animals whereas in normal and WGR animals were remain same. In contrast, Magnusson et al. [9] Rest of all the families was similar to fecal samples. With regard to the genus level, microbial abundance count in the Bacteroidetes was observed higher than the Firmicutes but the number of genera varia-tion was observed only in Firmicutes. Only eight different genus was observed in the Bacteroidetes whereas in Firmicutes more than 25 different genus was observed. Difference in the genus level may play a major role in the diet metabolism and this warrants further study.
Many literatures were available with regard to the gut microbiota ratio (Firmicutes/Bacteriodetes) which is associated with obesity. In some of the reports, Firmicutes were increased when compared to bacteriodetes and in other studies this trend is completely opposite with the increase of Bacteriodetes. In contrast, some reports confirm that there is no change at all in the population. Koliada et al. [23] reported that the Firmicutes are increased when compared with obese Bacteroidetes. However, Furet et al. [24] stated that upside down in Bacteroidetes and there in no variation in Firmicutes ratio. Collado et al. [25] revealed that ratio of Firmicutes and Bacteroidetes was increased at species level. Some other reports were confirmed that decrease [26] , increase in Firmicutes [27] and no difference in Bacteroidetes at the family or phylum level [21] . Further, no change among Bacteroidetes and Firmicutes at phylum level was reported by Duncan et al., [28] .
All the above observations highlight that the level or the diversity of gut microbiota was not significantly correlated with the phenotype of the animal, region of the gut and the diet. Interestingly, some of our results were supported with existing reports. Each and every bacterium has its own unique metabolic pathway which may vary upon the circumstances such as diet, environmental factors and genetic changes. The abundance may also vary depends upon the time of sample collection, the age of the animal, diet composition and the duration of metabolism. Bacterial metabolites (hormones, toxin and antibiotics) may also indirectly influence the phenotype of the animal due to some hormonal changes. Species level variations also play a major role in the metabolism and it influences the phenotype of the animal [29] . These reports indicate that the ratio of the microbial community doesn't contribute reasonably to influence the phenotype of the body.
Conclusion
To conclude, the role of the microbiome in obesity, host-microbial interactions, type of samples, gut microbiota ratio, metabolism of diet and action of metabolites are the factors that need to be studied in detail to get a better understanding of microbiome and their contribution for health and disease. Based on our study outcome, we conclude that focus on strain dependent metabolic pathway and metabolite analysis may significantly reveal the dynamic mechanism behind the diet induced obesity and the weight gain resistant phenotypes. If all these parameters are satisfied, then certainly a study of this kind might reveal the mechanism in detail with more clarity for further therapeutic approach. Advances in Microbiology 
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